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. 
INTRODUCTION 

This is the final yeport prepared in naaordstnce wi&h the prav:!.sions of 

Contract K&-7595, da-bed September II, 1958. It pertains ti ground-water 

conditions at the Xarine Corps Base, Camp Lejawle, Ncrth Carolina, The work 

on wfiich this repcrt is based is a&lined briefly belcrw+ 

1. September 11 to October 35, 1958 - Study of ground-=t= 

conditfons aad evaluation of well data available. 

2. October 13 to October 23, 1958 - I+eparatian of preliminary report 

containing reaormnendations for drilling 20 test wells (Contract 

UBy-7541) at various places on the Bade. 

3. October 23, 1958 to January 15, 1959 - Collection ‘and study of 

additional data, preparation of monthly progress reports and 

oral reports to the Fublic Wcrks officer. 

4, January 15 to June 5, 1959 - Study of test-well data and 

coordination of test-drilling program with Well Drilling Contractor 

and the Navy. 

Interim report on Hadnot Point Area submitted March 160 

Interim repor+ on Tarawz Terraoe Area submitted l%Prgl 3. 

Preparation'of final report. 

l 

In view of the fc?,ut-that the prelfminary report and the interim reports 

were larger in scope than originally antioipated, this report contains muih 

. material. that has been submitted previously. 

This report contains no maps or drawings. The following & D Drw. Kos. 
6W I. . a-3 suitable far reference: 

452409 - General Area Map indicatizg Raw Fater a#&19 $ee&&a 4 8 
certaiz other data. 

755468 throueh 765473 - IndoI sheet md lacatiolls for test wells T-1 



Ih addition, 10 sets ofU. S. Geological Survey topographic sheets, 

on which production wells and test wells are located, were submitted with 

the preliminary report. 

Following personal examination of the earth samples from the test 

holes, the writer submitted the samples to the U. S, Geological Survey _ 

office in Raleigh, X. C,, for storage, This is the proper depository 

where anyone can examine the samples at any time in the future. 

This report discusses the problems involved in obtaining an adequate 

quantity of good-quality water from wells and makes recommendations for 

the future development of water supplies. 
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1~11 of Onslow County is underlain by sediments that were deposited in 

or nee.r the ocean. These sediments are composed of sands, clays, marls, snd 

layers of consolidated rocks, such as limestone and sandstome. There is a 

tendency toward lzyeriug, snd most of the beds are nearly flat but slope 

gently toward the coast. These sediments are more than 1,800 feet thick and 

lie on a floor of hard dense rock such as granite. Only the uppermost few 

hundred feet oftho sediments are importa& to this discussion, in view of 

the fact that the deeper sediments are saturated with salty water. The sedi- 

me&s at the surface are chiefly sands that, extend to a depth of 10 to 50 

feet. The lower part of the "surface-sand unit,l' locally containing some 

clay, overlies sediments of Tertiary age. These Tertiary sediments may be 

considered as a unit and are composed of fine- to medium-grained sands, 

shells, marls, and consolidated shell beds. It includes chiefly the Castle 

Hayne formation, but the uppermost part is the Yorktown formation. Xe may 

refer to these two formations as the Tertiary unit. Down stream from 

Jacksonville the channel of New River cuts into this Tertiary unit. Below 

the Tertiary sediments (at a depth of more than 250 feet) is the 1Peedee 

formation, composed of dark sands and clays and thin limestone beds. 

611 sediments below the water table are completely saturated with water. 

The water table lies within 10 to 20 feet of the land surface in .most places 

and is in the surface sand. Beds of clay, and perhaps marl, tend to sepa- 

rate the more permeable sand and shellrock beds so that several artesian 

horizons, or zones, occur iz the Tertiary unit. None of the artesian beds 

are perfect, and there is considerable leakage of water between t. re a 

significant hydraulic gradient exists. This situation arises from the fact 

that the clayey confining beds are not completely imperm QBDaQdOdUtQe 5 0 
fact that some beds are not persistent but are somewhat lenticular. 
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Only in the upper part of the Tertiary unit is there a sigxxificant 

movement of artesian water under natural conditions. Since the Tertiary 

unit lies fn the channel of the river and since the artcsian lev~als are 

slightly higher than the level of tho river, there is leakage of waker from 

the Formations into the ,river. A very large part of the precipitation 

infiltrates into the surfaoe sand to become underground water. .After 

infiltrating'downward to the water table, this water mov~1s laterally tomrd 

the naarcst surface stream. 

. 
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WITHDRAWAL OF WATER FROM WELL!3 

With regard to withdrawal of water from wells at the Base, two aspects 

of the matter need consideration. One concerns tho ability of individu81 

wells to yield water, and the other concerns the ability of the aquifer to 

yield an acceptable and adequate supply of water perennially. 

Moat of the wells rango in yield'from 2 to 10 gallons a minute for each 

foot of drawdown. This comparss unfavorably with yields in other parts of 

the Tertiary limestone unit stiending from the A1bcmarl.e Sound through 

Florida, where the average is greator than 20 gallons a minute per foot of 

drawdown. The Tertiary unit, in general, is characteristically a shellrock 

which is made parmeable by the removal in solution of the abundant shell 

material'. At Hadnot Point, Tarawa Terrace, snd bdantford Point the sheLlrock 

to a depth of about 250 feet is rather thti and is subordinate in quantity 

to sand. At any rate, the pumping of sand from the few ,open:end wells has 

led to the installation of screened wells to prevent the inflow of sand. 

The pcrmoability of the sand beds is rm;lch less than that of the shellrock 

beds. Another reason for the low-yielding wells is that the total scrsoned 

interval is normally less than 50 feet, none of which is below a depth of 

200 feet. By t-1 u 1 izing all permeable beds to a depth of 400 feet, much 

greater yields could be realized. This fact, however, must be tempered with 

the possibility that water unsuitable to present treatment facilities would . 

be withdrawn. The relation of yield to type of well construction is 

discussed later in the report. 

The safe yield of the aquifer may be considered as the amount of water 
. 

that cm be pumped perennially without bringing in a water of r 

quality. Before the first wells were drilled the hydraulic system in t 

aquifer was in balance; 00000000~2 
the natural discharge into New River and pcarhaps crthw 

places was equal to the recharge, and both the water table and artesian 
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levels were more or less fixed in position. When the first wells were 

drilled this equilibrium was disturbed as water was drawn from storage in 

the artesian systam. Water levels have declined as more wdls wer8! puped. 

A sufficient amount of water has been drawn from storage to depress the 

artesian levels over a large area. The water levels will stabilize only 

when the natural discharge is reduoad 

amount equal to the amount discharged 

We have referred to the Tertiary 

early response-to pumping wells bears 

and the recharge is increased by an 

by the wells. 

unit as ml. 

this out. 

seal or confining bed above the aquifer, and, as 

surface sand moves into the aquifer Bven through 

artesian systam, and its 

Eowever , there is no perfect 

a result, water from the 

clay beds that occur 

locally. It is fortunate that this condition prevails in tho Eadnot Point 

area; otherwise, the artesian lgcrels would have lowered much more than they 

now have, and very likoly salty water from the river would havs spoiled the 

aquifer in this area. 

With the a-vailable data it is impossible to determine accurately the 

rscharge to the aquifer. EowQvQr, some rough estimate can be mads. The 

infiltration capacity of the surface sand is great. Perhaps between 30 and 

40 inches of rain a year reaches the water table in the saturated sand. If 

the materials extending from the surface sand down to the aquifsr arQ some- 

what permeable, a great part of this water will move downward into the lime- 

storm unit in the vicinity of pumped wells bscause the arteairtn head is 

considerably less then that of the water table in these places. Under 

present conditions the downward movement into the limestone is so slow that 

much of the water in the surficial sand is shunted fatorally to a surface 

stream and thus is not available for recharge. The amount of%!&ge 

resulting from downward leakage out of the surface s 
trH!Ne 

more than one million gallons a day per square mile in tho vicinity of each 



of the well fields except at the Rifle Range where it may be less. In 

addition to recharge by downward leakage, there is also recharge by upmrd 

leakage from beds that underlie the level of the lowest well screens. In 

areas where water is not pumped, the artesian pressure tends to increassc 

with depth. Therefore, there is natural upward leakage even through cllay 

beds. ~mhen the head is lowered in the aquifer penetrated, the upward Leakage 

is greatly increased. The combined effects of upward and downward lc;lkrage 

into this aquifer has caused ths water lsvols in the aquifer to approachn a 

stablilizsd condition with less drawdown than would be the case in a pGerfect 

artesian system, Procautionary measures of limiting the drawdown and 

dispersing the wells have been taken to prevent overpumping. The boavyv 

pumping in the Hadnot faint area is resulting in a gradual decline of +zzhe 

water level in the vicinity of some wells in this area. 



c 

CEIEMICAL CH4RACTER OF WATER 

The chemical character of underground water varies considerabl:.y with 

respect to depth and geologic formation. Originally all the beds C:onta.ined 

sea water, but in the relatively recent geologic pnstthe fresh-wat:er head 

has been great enough to push the salty water coastward and seaward-1 to some 

oxtont. Salty water has been completely flushed from the uppermost; beds, 

but beds deepor than about 400 feat have been only partly flushed o-of their 

original salty water. The beds from which salty water has been flulshed now 

yield water that reflects tho chemical character of the rock -tori-als in 

which it occurs. 

Water in the surface sand is sdft and contains less than 30 purts par 

million of dissolvod solids. It contains some free carbon dioxide,. resulting 

in a pH value varying botwoon 5.0 and 7.0. 

W&or in the Tertiary unit is a hard, calcium-bicarbonate w=itcEr, typi- 

cal of that in the Tertiary limestone unit extending from the Carol.inas into 

Florida. Except where there is some indication of salt water contamination, 

tho water In this unit commonly ranges in hardness from about 100 t;o 250 

parts per million. Bnth iron and hydrogen sulfide occur in objecticc~nable 

quantities at certain places and certain depths, Theso featuros arae discussod 

appropriately under the discussion of each aroa of the Base,, 

No w-atgr is drawn from the poedoe formation, and only a few te;::st wmo&ls 

have been drilled into it. At Hadnot Point ,the top of the Peedee 1:ies 

doepor than 250 feet, and it becomes more deeply buried toward the qooast. At 

Piney Green (T-l) the upper part of the formation contains frssh wa+ter, but 

there is evidence that at, places nearer New Bivor, the entire f 

contain salty water '. Aside from the chloride content, 

Pcedeo is a soft, s odium bicarbonate wntm, hnving beon softened thm-o~@~ 
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SALT-WATER COIVAMINATION 

Rhere the ancient sea water has boon completely flushed out of the 

underground formations in eastern North Carolina tho chloride c&to~nt of tkhc 

water is loss than about 25 parts por million. '@hero tho chloride content 

is higher than 25 parts per million there is a suggestion that saltier w&em- 

is near. Since there are about 19,300 pnrts of chloride in.a milli& pa*= 

of sea water, chloride provides a batter indicntion of salt-water contami- 

nation than any other chemical constituent. 

c ome 

mont 

ment 

There are two ways in which the Umestone aquifor at.the Base can be- 

contaminated by salt-water intrusion. Those are (1) lateral encroach- 

of water from New River and its tributaries and (2) vertical oncrozwh- 

from tho underlying salt-water beds. 

Consideration of possible contamination of the water supply by oncroaoch- 

ment of water from New River can be con&rod on the following points. Al- 

though Nap River does not have tho salinity, of ma water, it is brackish 

during IIUO~ of the year. The degree of its salinity is not very inxportnnt 
. 

because it could make an aquifer unusable whether it contains 2,000 or 

20,000 parts per million of chloride. &xv 3ivor and the mouthward parts o:f 

Its tributarios have cut' through any impermeable beds that were present ancd 

am now entrenched into the Tertiary aquifer. If withdrawal of well water 

is concentrated close enough t.o the rivor so that a hydraulic,gradiont is 
. . 

established from the river to the center of pumping, salt-water oncroacbmexmt 

will oocur. Fortunately, proper caution has been taken in the planning of 

the water supply to prevent lateral mcroachmmst. For example, in the 

Hadnot Point area the policy has been to limit the dra*own in 8a-w aand 

to locate wells at considerable distances from the 

a result of these practices, no contamination has yet occurred. The proserr& 

-.dnfa.-dndicats--that -fresh--water -of-the squirer -is-dischargi-ng -%to-ttr-a-river-r 
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and that the water level has not been loverod sufficiently to revwrso the 

gradient--that is, from the river to tho aquifer. A few small obeservation 

Wells between the river and tho production wells would give tho Waator- 

level measurements needed to clarify this point. Tho onlg place where 

lateral encroachment has actually occurred is at Well 11 on Cnslm Beaohr 

/This contamination is discussed in the section dealing with Onsloww Beach. 

The other way in which salt water may roach the aquifer is m upward 

movement from beds containfng salt water. In discussing this poiznt, it is 

necosssry to understand the significance of the relative density rolf salty 

water. Since sea water has a specific gravity of 1.025, forty foqet of soa 

w&or will balance forty-ono feet of fresh w&or. This difforencao in 

spociflc gravity of fresh water and sea water has led to the genexal rule of 

40 to 1 ratio. 7!hcro the rule can be applied, the depth %n feet 7bclow sea 

level to the contact between fresh and salt water thcoretf-tally 611 bo 40 

times the number of foot tho static lsvcl of fresh water Xs above sea 10~~1. 

The rule cannot be applied to conditions at tho Base because of t&e grada- 

tional salinity of water in the ground and bccauso of tho absenoe of homo- 

geneous strata. Bevertholess, it is of value to know that the lowm-ing of 

the water level in the aquifer a few feet could cause, Under cert=in con- 

ditions, i&o salt water in the underlying bed to rise m foot. The only 

place where vertical contamination is known to have occurrod is a-& VW1 E, 

Camp 'Geiger. The policy of disporsing walls and of limiting the drawdown 

in each well, as is the practice at the ikme, is the proper precasA;ionary 

measure to take Fn preventing vertical contamination. How-ever, mcxre informa- 

tion is needed concerning the depth to salty water and the rol 
&tix3werme- 

ability of the materials betwocn the salty water and the z~no frorm which 

wells now draw wafer. 

. .._ -.- . 
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The overall objective of developing the water supply at the Ba;sc;e is 

to obtain a perennially adequate supply of acceptable chemical qualjiity in 

the most eoonomical way. This objective is not reached by merely cl=nsidering 

the yield of one or ev8n all wells and the treatment that would be :cnecessary. 

Rather, a number of delicately interdependent factors need considerezation 

separately and collectively. These factors may be grouped in terms of the 
-. 

(1) quantity and (2) chemical quality of the water. 

The strict adherents to certain chemical aspects of the water - freedom 

from chloride contamination and water suitable to present treatment facili- 

ti8S - places limitations on the quantity of water available from t?lae aquifer 

and from wells. 

All water problems are in a seTLse economic problems, for with EUXI 

unlimited amount of money, a satisfactory supply of water can ba hati anywhere 

in the world. 56th this thought in mind, w8 note that the fear of c::hloride 

contamination has caused a wide spacing of wells and has caused limi,,tations on 

the drawdown and yield of the wells. This, in turn, has resulted inu a 

greater expenditure of funds than would have been the case if the pr--oblem of 
i 

chloride contamination vere not present. Can wells be Spaced closer" and 

can the dratiom and yield of individual wells be incressed and stil.,l maintain 

a safe adequate supply? Good judgment has been exercised in developring th8 

water supply at the Base, and a reasonable margin of safety exists knsofar 

as protecting the quality of the water. The deep test holes that we’rr8 drilled 

gave valuable information about the salt-water and fresh-water bound;.aries 

and about the possibility of salt-water contamination. Yet more infi'ormation 

iS n8eded. For example, the maximum safe drawdown of wells at Hadno -t Point 

cannot be determined until "chloride observation" wells are r+vv ins a lead, as 

out&& in the section on Hadnot Point. 0000000058 
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Another economic problem concerns the relatively poor specifio capacity 

of the wells (gallons per minute per foot of drawdown): This beoomes a 

significant matter in view of the fact that the gravel-ml1 type wells, which 

have been installed, are expensive. Thewells have been drilled by competent 

well contractors, 2nd there is no suggestion that the wells are iny)roperly 

constructed. Yet some improvement In the economics of wells--either a 

better specific capacity or reduoed cost per well--is one objective. & 

having electric logs made and samples of rock materials studied from each 

test hole, the proper placing of me11 screens end other well construction 

techniques can be assured. 

One reason for the low specifLc capacity of the wells is 'the necessity 

for selecting only those water-producing zones that will yield a w&or that 

oan be treated satisfactorily at the present treatment plants. For example, 

SOm8 zones of high permeability yield water with excessive amounts of hydro- 

gen sulfide--others with excessive amounts of iron or hardness* It appears 

. ;zqore econoMca1, generally speaking, to sacrifice "well yield" in order to 

obtain the type of water that can be best treated at oath plant. 
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DISCUSSION OF SEPARATE AREAS 

. 

On the following pages are brief discussions of tie well-water situation 

at the separate areas where water is used. The discussions cover only thoS0 

points that are pertinent to the test drilling and to future development of 
. 

wells. 

General Comments 

In the Hadnot Point area the character of the rock materials and, there- 

fore, the ability of the materials to transmit water to wells, varies greatly 

from place to place. Yet, some general comments are appropriate. The 

materials occur in nearly horizontal beds. To a depth of about 250 feet 

the beds are composed of fine sand, medium sand, loose shells, shellrock, 

and clay in varying thicknesses and in varying proportions. The total amount 

of clay is relatively small. Individual beds are not continuous in character 

for great distances, and, in fact, the beds cannot be correlated with 

certainty between one well and another. 

The beds of shellrock are, in general, the most permeable, but they are 

not of sufficient thickness to furnish the optimaun amount of water from wells. 

As a result, the existing wells are rrmltiple-screen, gravel-wall wells that 

draw water from the more permeable sand and shellrock beds. Most of the 

wells are screened at intervals between 60 and 200 feet, The yield varies 

between 3 and 12 gallons a minute per foot of drawdown or 100 to 2!50 gallons 

a minute. The wells are dispersed sufficiently so' that there is no single 

composite cone of depression in the water level. It is,true th&sw 

lowering of the water level at any one of the wells is partly due to the 

influence of pumping nearby wells. This is a natural ~&&,&Qe~,8lz@e~ 0 

development-of a-wel.1..fi~ld.-and, --in itself, --is --not---detr-imental,.-- -.-T~~e--contro1 
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of drawdowns to prevent salt-water encroachment has resulted in a ILarger 

number of wells and a greater dispersal of wells than would have been the 

case if concern about salt-water contamination were not real, 

The chloride content of water from all wells is low, and there is no 

indication that salty ground water is moving toward the well field,, Both 

the water samples and the electric logs of T-8, at the muth of Frenchs 

Creek, and T-l, at Piney Green, gave valuable information concerning the 

relationship between fresh water and salty water. At T-8, on the bank of 

Rex River, the fresh-water end salt-water boundary lies at a depth of about 

70 feet. This boundary becomes progressively deeper with greater distances 

from the river, and at T-l the boundary lies below a depth of 475 feet. 

Other profiles from the River to inland points probably would show the same 

relation. The boundary between the fresh- and salt-water bodies is thought 

to be approximately stationary. Heavy withdrawal from wells close to the 

river would tend to cause a landward migration of the salt-water body much 

more readily than would wells further inland. Keeping this boundary from 

moving toward the wells is one of the most important considerations in 

maintafnfng the present supply and in enlarging it. 

Thoughts of developing the maximum amount of water from a well at a 

particular site must be tempered with certain considerations concerning the 

quality of the water. In addition to the salt-water problem, which has 

already been discussed, other aspects of the quality of water need ,to be 

evaluated fn relation to present treatment facilities. The treatment at 

Hadnot Point adequately handles the hardness and iron content of the water 

in the zones between depths of 60 and 200 feet. The hydrogen sulfide content 

cew appears to be less than that in the same depth-zone at outlying areas of 

Camp Le jeune. It should be pointed out that relativel@@e&$b&&~d~ &d : 

shellrock beds commonly occur from the land surface to a depth of 75 feet, 
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It is likely .that large-yielding wells - 100 to 400 gallons per minute per 

well - oould be developed cheaply from this shallow zoner However, the 

shallow water is corrosive and has a high iron content; this water is not 

suitable for the present treatment facilities and may not be suita.ble for 

distribution through the raw water lines, 

Findings and Reco.mmcndations 

1. Gravel-wall wells, similar to those in use, appear to be the best means 

of developing water at Hadnot point. 

2. The yields of some wells have been reduced because they pumped fine sand. 

Since the sands of the water-yielding zones are fine to medium, it is 

not easy to keep the fine sand out of the ~011s. As soon as a system is 

installed to regulate the yield of each well so that it will not be 

overpumped, some improvement in the fine-sand problem may result. 

3. The following comments can be made concerning the area between Wallace 

Creek and Cowhead Creek (including the area botwoen wells 10 and 26). 

The best water-yielding zones are between 60 and 200 feet and consist of 

medium to fine ssmds. The shellrockzones are rarely more than a few 

feet thick. The expected yield of future wells is between 175 and 275 

gallons a minute, typical of preseirtwells in the area. No wells should 

be drilled between Now River and the Main Service Road because of the 

danger,of causing the salt-water zone t~~move toward the wells, In 

order to fully utilize present pipe-line facilities, the following 

locations appear suitable for new wells: 

(a) T-7 on Holcomb Boulevard. 

(b) About midway between Wallace Creek and Well 10 on Ho1 l!c2b'Wulevax-d. 

(c) T-2 on Sneads Ferry Road. 
0000000062 

(d) About midway between Pvells 6 and 9 on Sneads Ferry Road or about 

. ..&&a~ --&~~en-~e~~-s -3. -md,-26- on--$jnea-as .Ferj+,-Rnmg&- -. 
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(e) T-5 on Cld Trailer Camp Road. 

4. The area along Sneads Ferry Road south of Cowhead Credk @ells 27 to 32) 

is similar to that north of the creek with the follow=ing exceptions: 

the percent of shellrock is slightly greater, the yield per foot of 

drawdown is slightly better, and there is a slight increase fn hydrogen 

sulfide. .I *. 

5. The srea north offmallace Creek and extending east of Midway Park to 

Piney Green is underlain by more permeable materials -Zhan in other parts 

of Hadnot Point. Yields of 6 to 10 gallons per ninutLa per foot of draw- 

down are to be expected. The depth to salt water is -eater than at 

places near the river. T-l, about 2,000 feet east of Piney Green, had 
. 

penetrated no salty water at a depth of 475 feet. Wi+h this thought in 

mind, it is satisfactory to draw the water levels Power than in areas 

nearer the river, Individual wells near Pinoy Green can be pumped 

safely at more than 300 gallons per mlnPrto with much closer spacing than 

existing uells at Hadnot Taint. 

6, If production wells are installed along existing lines where test wells 

have not boen drilled (see item 3 (b) and (d) above), the following 

oomments may be considered. The production wells should not exceed 200 

fOQ+S. An electric log should be made so that screens can be set at the 

Wst permeable zones betwoen 60 and 200 foet. A water-sampling program, 

in whi'ch samples of water would be taken from several zones in a test 

well, is not necessary because it is now established t&at the water in 

the zones between 60 and 200 feet is compatible vith pxesont treatment 

facilities. In fact, a'separate test well is not necessary &w as 

an electric log is made. 

7. 
~~~~OOQO63 

The present air-line method of measuring water levels is not a settismctory 

one for the following reasons: sane air lines get stopped up, some Ioak, 
._^ -.-.-; . _ .~ ._..---.--.-. --- ..-.- __.. ..__ --.- -.-- --. ..-- ., .-- 



33 

l? 

.I 

and some have no data concerning their lengths. Moreover, the vxariabole- 

ness of gages and the possibility of errors in converting readin$gs fz-om 

depths to elevations add to the unreliability of the method. It; is recom- 

mended that the air lines be removed at the earliest convenient -time, 

men this is done, water levels can be measured by the chalked, or wetted, 

tape method. A 100-foot black, steel tape of moderate stiffnessr is 

satisfactory. The tape method of measuring water levels in well-s is 

quicker, cheaper, and mere accurate than the air-line method. l-31 the 

fiture, water levels in the wells should be measured periodioallq - 

perhaps every 3 or 6 lnonths - to determine if pumping at any paf-ticuzar 

place is detrimental to the safety of the water supply. 

8. In order to determine whether the salt-water is encroaching towaard tbne 

wells, several simple, observation wells should be drilled b&w-en -b&e 

river and the nearest production wells. About five observationasl wellls 

are needed; three of these should be about 200 feet deep and shocuXd tie 

located as follows: between Well 14 and the river, between WelU 3 arnd the 

river, and between Well 24 and the river. Two observation well= should be 

about 250 feet doep, one of which could be located 15 or 20 fee% frown 

Well 13 and the other about the sdmc distance from the productioon weILl at 

either the T-5 or T-2 location. Samples of water should be colllectecY 

and analyzed for chloride contont every few months. The obsez-?=t:ion wells 

would serve as monitors to warn of any approaching salt.water beefore it 

gets to any of the wells. Any increase in chloride content detmoted in 

the observation ~011s would allow timo for an orderly reduction in pmp- 

ing in that area and an increase in pumping elsowhore. Thus, tbne mexcimum 

safe yield could be realized, the maxtim safe drawdown can 
tiIitWmnined~ 

and the anxieties of possible salt-water encroachment could be eea.sed, 

9. It is estimated that within the area bounded by Wal 

. 
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Boulevard, Main Service Road, Snoads Ferry Road, and the Old Trai.ler 

Camp Road, an additional withdrawal of two to tbroe million ga:Llaons a 

day c"n be realized. This includes wells at the sites of T-3, T-4, T-5, 

and T-6. Any bcreased withdrawal should be accompanied by adherence 

to a "chloride observation" Dropran outlined in item 8 above and a 

"water-level measuring* propam outlined in item 7 above. 

10. If an increase in withdrawal greatly exceeding two million gallops a 

day is planned, consideration might be given the area within a l-mile 

radius of Piney Green. 

CL’W 

00 0 0 0 0 0 0 65 
..-.. ~- . . . . .._. ~. .- . _ _ . _ . 
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T-l - HADNOT POINT 

0 - 12 
12 - 41 
41 - 67 
67 1 97 
97 : 105 

105 - 127 
127 1 158 
158 - 167 
1671 177 
177 - 237 
237 .i, 247 
247 - 260 
260 - 286 
286 1 311 
311 : 332 
332 1 340 
340 1 365 
365 - 388 
388 - 391 
391 1 414 
414 i. 447 
447 - 477 

Yellow and blue clay 
Fine to medium gray sand 
Soft shellrock 
Fine gray sand with disseminated phosphate grains 
Very fine gray sand 
Shellrock and sand in layers 
Sand and soft shellrock 
Very fine gray sand 
Fine to medium gray sand 
Medium to fine gray sand 
Gray clay 
Very fine gray sand 
Fine gray sand and disseminated phosphate grains 
Clay and soft shellrock interlayered 
Shellrook and sand interlayered 
Shellrock 
Dark gray sandy clay 
Shellrock and sandy clay 
Dark gray clay 
Sand and streaks of rock 
Medium gray sand and streaks of shellrock 
Dark gray sandy clay 

Chemical Quality 
(part~l.lEZcept pH) 

Depths Sampled 

63 feet 325 feet 440 feet 

Total Hardness 
Chloride 
Iron 
Hydrogen Sulfide 
PH 
Fluoride 

182 226 
12 10 

5.0 O-2 
0.3 : 0.5 

7.6 

104 
8 
0.1 
0.0 
7.7 
0,5 

Comments: No production well is presently planned at this site. 30th the 
water samples and electric log indicate that the water is fresh to a depth 
of 477 feet - perhaps rrmch deeper. Water from the 440-foot zone is of 
excellent chemical quality, A very permeable shellrock zone occurs between 
41 and 67 feet, but the water contains an objectionable amount of Lron. A 
well at this site would be expected to yield more than 500 gallons a mzinute. 

CLW 

0000000066 
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0 - 10 
10 - 30 
30 - 40 
40 i. 50 
50 - 70 
70 - 80 
80 : 110 

110 - 120 
120 - 170 
170 - 180 
180 - 240 

T-2 - HADNCT POINT 

Log 
Very fine sand and h-s 
Fine white sand 
Medium yellow sand 
Medium to coarse sand and scattered shell fragments 
Medium gray sand and shell fragments 
Medium gray sand but shellrock from 70-73 and 76-78 
Fine to medium gray sand 
Medium gray sand &d shell fragments 
Medium gray sand with fine phosphate grains 
Medium to coarse gray sand and shells 
Fine gray sand 

Chemical Quality- 
(parts per millnept pH) 

Depths Sampled 

150 feet 225 feet 

Total Hardness 156 138 
Chloride 10 8 
Iron 0.6 0.4 
Hydrogen Sulfide omo 0.0 
PH 7.3 7.5 

Recommendations for well at site of T-2: 

Depth:' 180 feet 
Gravel-wall well with screen settings at the following 
depth intervals: 

65 -70 107 y 117 
73 - 78 124 - 129 
83 2 88 135 L 139 
93 - 98 153 1 163 

170 - 177 

Estimated yield: 225 gallons a minute with a drawdown of 25 to 30 feet 

. Tho quality of water is suitable for the present type of treatment,, 

CLW 

ooooooooe? 
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T-3 - HADNOT POINT 

Log 

.o - 10 
10 - 40 
40 i. 58 
58 .i 64 
64 - 90 
90 : 140 

140 .i 163 
163 - 182 
182 - 200 
200 - 232 

Fine yellow sand 
Fine white sand 
Medium white sand 
Blue clay 
Fine to medium white sand 
Fine to m%dium griy sand - some shell fragments 
Coarse gray sand - some hard shellrock 
Hard shellrock 
Medium gray sand 
Fine phosphate grains 

Chemical Qnality 
(parts per million except pH) 

Depths Sampled 

.I 

50 feet 150 feet 220 feet 

Total Berdness 80 100 110 
Chloride 9 8 8 
Iron 0.3 0.3 0.6 
Ifydrogen Sulfide 0.0 0.0 0.0 
PH 6.4 7.3 7.3 

Recommendations for completed wall at site of T-3: 

Depth: 200 feet 
Gravel-wall well with screen settings at following depth intervals: 

71 1 81 141 - 151 
95 - 100. 159 - 164 

119 - 124 186 - 196 

Estimated yield: 300 gallons a minute with a drawddwn of 30 to 40 feet. 

The water has a relatively good chemical quality and is suitable for the 
present type of treatm%nt. 
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T-4 - HADNOT PCINT 

Log 

0 - 30 
30 - 52 
52 : 62 
62 : 66 
66 : 102 

102 : 112 
112 - 122 
122 2. 134 
134 i. 148 
148 : 163 
163 .i, 172 
172 2 178 
178 - 218 
218 i 254 
254 - 262 

Fine to medium white sand 
Medium white sand 
Unsorted sand clay and shells 
Shell and hard sand 
Medium gray sand - a few shell fragments 
Soft sandy shellrock 
Poorly consolidated sandy shellrock 
Soft gray shellrock 
Hard shellrock 
Partly consolidated, sandy shellrock 
Fine gray sand 
Shellrock 
Fine gray sand 
Fine gray sand and thin zones of shollrock 
Very fine gray sand and disseminated fine phospkatc 

Chemicnl Quality 
(parts per million except px:) 

Depths Sampled 

180 feet 240 feet 

Total Hardness 
Chloride 
Iron 
Hydrogen Sulfide 
PR 

130 140 
8 10 
0.5 0.8 

No odor No odor 
7.3 7.3 

Rccommcndations for well at site of T-4: 

Depth:' 215 feet 
Gravel-wall~well with screen settings at the following &ept& intervals: 

90 - 100 155 - 160 
115 - 120 172 : 177 
138 - 148 185 - 190 i* 

200 - 210 

Estimated yield: 275 gallons a mimtc with a drawdown of 30 to :35 feet. 

The quality of water is suitable for the present type of trezltmermt. 

000000006h) 
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T-5 - HADNOT POINT 

0 - 17 
17 I 19 
19 - 35 
35 .i 44 
44 i. 47 
47 .l 58 
58 - 60 
60 - 71 
71 - 81 
81 - 95 
95 1 102 

102 i. 122 
122 L 136 
136 - 155 
155 .L 222 
222 - 232 

Fine to medium light sand 
Fine sand and clay 
Fine light sand 
Fine gray aand 
Shellrock 
Fine gray sand and shells 
Rard shellrock 
Medium gray sand 
Fine to medium gray sand 
Medium gray sand and shells 
Shellrock 
Medium gray sand and shells 
Fine to-me&m gray sand 
EIard shellrock and soft streaks 
Fine to medium gray sand 
Fine sands and interlaminated clay 

{parts 

Total Hardness 
Chloride 
IrOn 

Chemioal Quality 
per million except pH) 

Depths Sampled 

140 feet 210 feet 

176 214 - 
10 12 

0.6 1.4 
mdrogen Sulfide 
PH 

0.0 0.0 
7.1 7.1 

Recommndations for well at site of T-5: 

Depth: 190 feet 
Gravel-wall well ,with screen settings at the following depth intervals: 

65 :75 i, 136 - 150 
93 - 108 174 - 180 

122 - 127 185 - 190 

Estimated yield: 225 gallons a minute with a drawdown of 25 to 35 feet. 

The quality of water is suitable for prcscnt type of treatment. 
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T-6 - HADNOT POINT 

o-5 
5 : 17 

17 : 42 
42 : 62 
62 : 72 
72 - 110 

110 1 122 
122 . 146 
146 .L 166 
166 - 182 
182 - 202 

Log 

Fine white sand 
Fine white sand and sandy clay 
Fine to medium gray sand 
Fine to medium brown sand 
Medium gray sand 
Fine gray sand - 
Poorly consolidated shellrock 
Fine to medium gray sand and shells 
Shellrock 
Sand and thin layers of shellrock 
Medium gray sand 

Chemical Quality 
(parts per million except p3) 

Douths Samoled 

72 foot 200 feet 

Total Hardness 82 138 
Chloride 7 

. 
8 

Iron 0.2 0.1 
Hydrogen Sulfide 0.4 
PH 6.8 7.2 

Rocommondations for completed well at site of T-6: 

Depth: 170 feet 
Gravel-wall well with screen settings at following depth intervals: 

71 - 76 127 - 137 
101 - 106 147 - 152 
115 - 120 156 - 3.66 

Estimated yield: 300 gallons a minute with a drawdown of 30 to 40 feet. 

The water has a relatively good chemical quality and is suitable for the 
present type of treatment. - 

CL’W 
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T-7 - EIADNOT POINT 

o-5 
5 - 10 

10 - 32 
32 - 39 
39 - 43 

-43 - 50 
50 - 60 
60 - 80 
80 - 95 
95 - 120 

120 - 126 
126 - 129 
129 - 152 
152 - 154 
154 - 170 
170 : 182 
182 - 194 
194 - 214 
214 - 225 

Log 

Gray sandy clay 
Nedium white sand 
Blue to black clay - traces of wood 
Medium light gray sand 
Gray sandy clay with shell fragments 
Shells and gray sand 
Medium white sand 
Medium to fine light-gray sand 
Fine light-gray sand 
Medium gray sand and streaks of shellrock 
Loose shells and medium sand 
Shellrock 
Medium gray sand and streaks of shellrock 
Fine gray sand 
Medium gray sand and loose shells 
Fine gray sand and loose shells 
Medium gray sand and streak of shellrock 
Fine gray sand 
Fine gray sand and clay 

Chemical Quality 
(parts per milEKZcept pE) 

Deaths Sampled 

140 feet 210 feet 
. 

Total Hardness 140 62 
Chloride 10 16 
Iron 0.6 0.3 
Hydrogen Sulfide 0.0 0.0 
PR 7*3 7.8 

Recommendations for.well at site of T-7: 

..bepth:. 190 feet 
Gravel-wall well with screen settings at the following depth intervals: 

48 : 60 123 - 143 
75 - 80 158 - 168 
95 - 105. 180 - 190 

Estimated yield: 200 gallons a minute with a drawdown of 20 to 30 feet 

The quality of the water is suitable for the present type of w t . 
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T-8 - HADNOT POINT 

Log 

0 - 10 
10 - 20 
20 - 27 
27 - 69 
69 - 77 
77 - 96 
96 - 102 

102 - 127 
127 - 157 
157 - 197 
197 - 218 
218 - 247 

: 247 - 260 
260 - 303 
303 - 327 
327 - 352 

352 1 405 
405 1 456 
456 - 477 
477 - 502 

Fine white sand 
Light gray clayey sand 
Dark gray,clay 
Medium gray sand and some shell fragments 
Soft shellrock and medium to coarse sand 
Shellrock 
Shellrock and fine gray sand 
Shellrock and fine gray quartz and phosphatic sand 
Medium gray sand and some shellrock 
Fine gray sand 
Fine gray sand and streaks of shellrock 
Very fine gray sand 

'Fine gray sand 
Green clay and fine sand 
Gray shellrock 
Medium salt and pepper sand - some indurated layers - phosmphate 
abundant 
Dark gray clay 
Fine gray sand 
Very fine sand 
Fine dark gray 

and fine sand 

and disseminated dark clay 
sand 

Chemical Quality 
(parts per milXZi%&ept pH) 

Depths Sampled 

200 feet 320 feet 490 fee-t 

Total 3ardness 
Chloride 
Iron 
Hydrogen Sulfide 
PH - 
Fluoride 

2300 58 1800 
6100 290 6500 

0.2 0.2 1.3 
0.1 0.5 0.0 
7.4 7.8 7 .3 

0 ,3 

Comments: No production well is planned at this site. . The electric: loog 
indicates that the only fresh water occurs shallower than 70 feet, 

CLW 

000000007~ 
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TARA..ATEX?RACEAREA 

General Comments 

The first wells were drilled at Tarawa Terrace in 1951, and since that 

time seven wells have been in operation intermittently. Some drill.er!s logs 

and other records are available, but these.records have only limited use for 

the following reasons. Three sets of well numbers have been used -- the 

driller's numbers, the site numbers, and the present numbers. Thus far, it 

has not been possible to relate these numbers 80 that a specific well record 

can be identified with a psrticular well. Before the test-drilling program 

started, less was loaown about the ground-water situation than at other places 

on the Base, Knowledge has improved with the drilling of three test holes, 

but information is still not adequate to clearly state the type of additional 

wells that would be most suitable and the expected yield from each, 

The character of the rock materials and their water-bearing properties 

along Lejeune Boulevard may be summed up as follows: 

(1) From the land surface to a depth of about 50 to 60 feet i3 white 

to light gray medium-grained sand is the chief material. 

(2) Between depths of about 50 to 85 feet one or more limestone beds 

occur. The limestone varies in -degree of hardness and is cormnonly 

less than 20 feet thick. 

(3) Sand underlies the limestone zone and extends to a depth of more than 

200 feet. The sand varies from fine to very fine in grazin size. 

Of the five wells along Lejeune Boulevard, only well Ho. 1 now furnishes 

more than 100 gallons a minute. Most of the water from the five wslls comes 

. from depths varying from 50 to 100 feet. The water is typicalsw and 

contains moderate amounts of iron and hydrogen sulfide 

on the Bell Fork Road need separate consideration. 
0 o"&'tf ljT$ o-y% 

It is though% that these 
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two wells draw much of their water from depths between 150 nd 200 feet. At 

any rate, the yields are relatively good, but the chemical quality is vary 

poor. Water from both wells contains more than 4 parts per nxillion of 

hydrogen sulfide. Moreover, well No, 6 has nearly 200 parts per rmillion of 

chloride andwell No. 7 nearly 50 parts. Water from these tw0 wells is not 

suited for present treatment facilities, and in no case can -trhis water be 

treated economically. 
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Well Construction 

The type of well most suitable for use is known for mcst areas,, but this 

is not the case at Tarawa Terrace. In fact, it is proper to give ser-ious 

thought to each of the following types of wells: 

(1) well points 

(2) gravel-wall wells 

(3) . regular screened wells 

(4) open-end tubular wells 

Although water supplies are not commonly developed from well poiints in 

the Coastal Plain, the shallow, medium-to-coarse sands that occur at Tarawa 

Terrace are well suited to this type of well construction, Shallow,, 30 to 

35foot wells, extending along existing raw-water lines on Lejcune Eooulevard 

and Bdi Fork Road, can furnish much more than the total anticipated SUPPlY 

at Tarawa Terrace, Advantages of this type of well supply include :Loow 

initial cost and water that is soft, low in dissolved mineral matter,, and 

free from salt-water encroachment. Disadvantages include frequent rnaaintenanoe 

inspections and repairs and all problems that result from the corros-livencss 

of the water. The pEl of the shallow water may vary between 5.5 and 65.5, 

and its corrosive tendency is certain, The well'points would deterioorate 

within sever21 years. Raw-water lines would be subject to corrosion,, and 

the pick-up of iron- before reaching the treatment plant might be sii3plificant-. 
. 
The present treatment facilities would have little use. Some consideration 

should be given to the use of shallow wells for furnishing part of ittie supply. 

By interspersing well points with deeper wells, the blended water counfd be 

treated very simply. (L 2 
Gravel-wall wells have been traditional at Camp Leje 

success is not disputed. However, many wells, 
uiq"d 

both at Hadnot Point a-And 
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Tarama Terrace, have pumped sand. In order to free the water of sanad, the 

pumping rate must be reduced. The cause of the sand pumping is clecur. Almost 

all the sand below 50 feet throughout Onslow County is surprisingly oeven 

grained. The sand is medium to fine and rarely of a coarse texture'. The 

screen size selected' is invariably large--commonly 60 slot (slot opening 

0.06~inch). Gravel is selected to fit the screen opening instead of the 

formation& sand. Therefore, the gravel is commonly too coarse and hallows 

the fine to medium sand to be drawn through the screen. The pore space 

between the gravel becomes clogged with fine sand, resulting also in poor 

well yields. A smaller screen opening would result in less sand pumping but 

would also result in a poorer yield. If a larger percent of the sana3 were 

coarser, the natural development of a well would result in the f5ne sand 

being drawn through during tho initial period of development; the cearser sand 

would be arranged around the gravel wall, and the efficiency of the vwvell 

would be increased. 

Regular screened wells are not inferior, and may be superior, too gravel- 

wall wells in yield and performance if they are properly constructed, Great 

care must be taken to select the correct screen size and to place the screens 

at precisely the correct depth. If the slots are too large, the wells. will 

pump sand. If the slots are too small and the screens are not placed8 opposite 

the best sand, the yield of the wellwillbe poor. Very few drillersr in the 

Southeastern states are competent to install screen wells properly. Therefore; 

under the system of competitive bidding on well installations the ri;s>k of 

having improperly screened wells installed is too great to take. 

Open-end tubular wells are conventional in the Tertiary limeston+.e unit 
. 

that extends from North Carolina to Florida, and only at Camp Lejeu GLH* , 

other typos of wells been used on a large scale. ht Hadnotmii@Q D+.@O 7.7 

Terrace, and Montford Point the limestone, or shellrock, is so thin tklhat the I___2___..._I_.___. -.---.---- ..-- .-- -- 
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. development of sand-free water from open-end tubular wells is 'not a certainty. 

There is a very good chance that open-end wells could be successfit at 

Taram Terrace. Neither the samples nor the electric log clearly indicate 

how much of the shellrock zone is hard, consolidated rock. The depth zones 

in the wells are: T-9 (71 - 97 feet), T-10 (66 - 77), and T-11 (57 - 66). 

The proper method of construction is to drive the casing 

rock, extend the well as an open hole 8 few feet deeper, 

before it passes through the rock into underlying sand. 

well should follow the course of alternately pumping the 

into the top of the 
-. 

md stop the hole 

D-melopment of the 

well at a great 

rate and resting it. After several days of developing the well in this 

manner, it is presumed to be acceptable if it has not previously :filled with 

sand or collapsed. If sand-free rock wells can be developed, they will have 

better specific capacities than screened or gravel-wall wells; individual 

well yields of 200 gallons a minute could be expected. 
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Findings and Recommendations 

1, 30 wells should be developed along Lejeune 3oulevard below the 

shellrock zone, the bottom of which is less than 100 feet below the ground. 

Only fine sand lies below the shellrock, and its contribution to the yield 

of a well is not great. Moreover, the fine sand tends to move through the 

screens into %he wells and into the distribution system. 

2. Although not a simple relation, the hydrogen sulfide content of the 

water tends to increase with depth. Nater shallower than 100 feet contains 

no objectionable quantity of hydrogen sulfide, whereas that below 150 feet 

contains an objectionable amount. 

3. Below a depth of 175 feet the chloride, or salt, content of the 

water increases significantly. Wells drawing water between depths of 100 

and 200 feet need to be watched for possible salt-water encroachment,, On 

the other hand, wells drawing xater at depths shallowei than 100 feet will . 

not draw in salt water. 

4. Freedom from salt-water encroachment, insofar as wells shallower 

than 100 feet are concerned, permits a greater tolerance of drawdown of the 

water levels than would be the case in the development of deeper water. 

5. The spacing and drawdown of wells are not a primary concern until 

tw~or more development wells are completed. To reduce mutual intorferenck 

from pumping to a minimum and tolerable allowance, a spacing of 600 feet or 

' more between wells is tentatively recommended. 

6. The anticipated average yield for new wells cannot be estimated 

within narrow limits until at least one new deveIopment well is installed. 

It is safe to assume that gravel-wall wells, screening the best wat@+#&ng 

materials between 40 and 100 feet, will average more than 

minute --perhaps more than 150 gallons a minute. It is suggested that an 
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attempt be made to develop an open-end well in the shellrock. The cheapness; 

of this type of well and its great potential yield merit consideration. Iti 

would be inadvisable for a well contractor who specializes in screened and 

gravel-wall wells to install this type of well. 

7. Ry developing wells along existing raw-water lines on Lejeune 

Boulevard and on Taram Bdulevard into the water plant, a perennially depem=a- 

able supply of more than 1% million gallons a day is available. This amournti 

does not exceed the rate of recharge. Additional water can be had from 

wells shallower than 100 feet along Bell Fork Road, although the character 

of materials and their water-yielding properties are not clearly known alor=1= 

this road. 

8. If all water to be treated at Tarawa Terrace comes from a depth off 

50 to 100 feet, the water should be treated for hardness and iron content. 

The hardness of the composite water is less than 180 parts per million but 

more than 100 parts per million. *The amu.& of iron in the composite waterer 

cannot be determined at this time and may be as low as .2 or as high as 1.03 

part per million. The possibility exists that the iron content may be so 

slight that no treatment for it would be necessary. 

9Vater in the zone that ranges between 75 and 125 feet has a meximum 

hardness of about 190 parts per millien. The water is typically a calciums 

bicarbonate water, and the total hardness and the total alkalinity are 

approximately the same. Below 125 feet the hardness decreases with increa,s:ed 

depth as a natural ion exchange involving calcium and sodium takes place. .At 

a depth greater than 200 feet the water is a relatively soft, sodium bicar--- 
-..' - - 

bonate water. The present lime treatment for hardness at Tarawa Terrace i-s: 
CL-W 

suited for the hard calcium bicarbonate water that occurs to' a depth of 12:5i 

feet but is not suited for treatment of deeper water. 00000000.$0 

-- .--- . ..- .._ .-.-.-..- _- ._______ ~_ 
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T-9 -TAF&WATERUCE 

. 

o-7 Dark gray clayey sand 
7 - 52 Coarse white sand 

52 - 71 Medium white send with small amount of clay 
71 - 97 Interlavered shellrock and medium sand 
97 - 115 Very &e gray 

115 - 142 Fine gray sand 
142 - 158 Very fine gray 
158 - 177 Fine gray sand 
177 - 202 Dark gray clay 

(parts 

sand and some disseminated clay 

sand 

Chemical Quality 
per million except pH) 

Depths Sampled 

125 feet 175 fee-t 

Total Hardness 146 108 
Chloride 12 12 
Iron 4.0 0.2 
Hydrogen Sulfide 0.6 0.1 
PH 7.2 7.8 

Tentative recommendations for well at site of T-9: 

Depth:' 88 feet 
Gravel-wall well with screen settings at the following depth intervals: 

37 - 42 
50 1 60 
68 : 72 
83 - 88 

Estimated yield: 175 gallons a minute 
After treatment for hardness and iron content, water will be of good quality. 

cxw 
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T-10 -TmWATER.RACE 

o-7 
7 - 27 

27 i, 47 
47 - 66 
66 1 77 
77 - 90 
90 .i 123 

123 - 137 
137 - 156 
156 - 177 
177 - 207 
207 - 220 
220 - 247 
247 - 250 

Log 
Nhitc to gray sandy clay 
Medium to 
Medium to 
Medium to 
Shellrock 
Very fine 
Fine gray 
Very fine 
Fine gray 
Very fine 
Very fine 
Very fine 
Very fine 
Fine sand 

Total Hardness 
Chloride 
Iron 

coarse light gray sand 
fine gray sand 
fine gray sand and shells 
and fine sand in streaks 
gray sand and clay 
sand 
gray sand 
sand 
gray s=d, a little clay matrix 
gray sand and clay mixed 
sand 
gray sand and clay mixed 
and sandstone 

(parts 
Chemical Qualify 

per million except pH) 

Depths Sampled 

50 feet 125 feet 250 feet 

36 168 44 
10 - 22 182 

0.6 0.2 
Hydrogen Sulfide 0.1 0.6 0 *9 
PH 6-O 8.0 8 .2 

Tentative recommendations for well at site of T-10: 

Depth: 77 feet 
Gravel-wall well with screen settings at the roll-g depth intervals: 

47 - 57 
67 - 77 

Estimated yield: 150 gallons a minute. 
. 

After treatment for hardness and iron content, water will be of good quality. 

cxw 
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0 -a 
8 - 17 

17 L 57 
57 - 62 
62 - 66 
66 .i 98 
98 - 110 

110 .i 132 
132 1 182 
182 - 202 

T-U - TARAWA TERRACE 

Yellow clay 
Fine pink sand 
Fine to medium white sand 
Shellrock 
Medium gray sand and shellrock 
Fine gray sand 
Very fine gray sand 
Fine gray sand 
Very fine gray sand and sandy cl 3y 
Very fine gray sand 

Chemical Quality 
(parts per million except pH) 

Depths Sampled 

Total Hardness 
Chloride 
Iron 
3ydrogen Sulfide 

85 feet 125 feet 

182 188 
10 14 

0.2 1.3 
0.4 0.5 

Tentative recommendations for well at site of T-11: 

Depth: 70 feet 
Gravel-wall well with screen settings at the following depth intervals: 

47 - 57 
57 - 62 
60 - 73 

Estimated yield: 150 gallons a minute. 
After treatment for hardness and iron content, water will bo of good quality. 
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XONTFORD POINT AREA 

l * 

General Comments 

Tells at Montford Point draw water only from the upper part of the lime- 

stone unit, meat of the wells having two short screens at various depth 

intervals between 50 and 100 feet. The wells vary in yield from 2 to 7 gal- 

lons a minute per foot of drawdown, and only one or two wells are pumped at 

more than 125 gallons a minute. Water in the 50 to lOO-foot zone is treated 

effectively by the zeolite process and is chlorinated. The raw water varies 

in hardness from about 150 to 200 parts per million and in iron from about 

0.4 to 1 part per million. It contains less than 1 part per million of 

hydrogen sulfide. The chloride content is less than 20 parts per million. 

According to results of two test wells drilled deeper than 100 feet at 

Xontford Point, the hydrogen sulfide content seems to increase greatly with 

increased depth in the limestone unit. The yield per well also would be 

expected to increase greatly with-depth. Therefore, these two countering 

factors need careful consideration prior to the drilling of production wells 

in the area, 

It is understood that the chloride content of water from the ,well near 

the White Cemetery was only 28 parts per million. The well was an open-end 

hole from 164 to 227 feet. It had a yield of 10 gallons a minute per foot of 

drawdown. 

'The%ree test holes (T-12, T-13, and T-14) indicate that the best water- 

yielding materials lie between a depth of 35 and 90 feet. The following 

three reasons, when considered together, discourage an attempt to develop 

water from a lower zone: 

1. Fine sand and clay are the chief materials below 90 

contribution of water from the fine sand would 

. . - .----.-~.-- .---- --. -.---..-.-...--..-...-.--.-. -- -.-..- ----- -.-.- ----.-- -------- -. --.---. -- ---- - ..- - .- - . 
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2. 

3. 

Soroover, ttm-e is a good chanae thnt this fine sand would be 

drawn through the screens, resulting in sand pumping and an 

ultimate rechzotion in ~3.1 capacity. 

The hydrogen sulfide contest of the water increases geatly below 

SO feet, and the present treatment facilities are no* suit;abk ~CJ 

remOve the odor. 
- 

The salt content of the water increases with depth. 

water between a depth of 90 and 200 foe-k is not now 

use, pumping of water from this zone might cause an 

salt content, of the water. Therefore, the drawdo7Rn 

level from this zone might have to be controlled, 

-.-. 

AX.hmgh the 

too salty to 

5ncrease in 

of the wzker 

The present wells at Montford Point are gravel-wall wel3.s screened at 

intervals no deeper than 100 feet. The yields have tended 4x1 decline, 

chiefly because fine sand has clogged the gravel envelopes around tho wells, 

thereby reducing the efficiency of each well. Future gravel--wall wells 

till probably resemble the past wells, and sustained yields of 100 to 150 

gallons per minute per well are to be expected. 

The possibility exists that open-end tubular wells fnto the shellrock 

could be successfil. The important question concerning this type of well 

is whether it can pxzmp sand-free water after it is properly developed, If so, 

it represenes the cheapest and most productive type of well. The expected 

yield is about 280 galfont a minute with no more thsn a 30-foot drawdown. 

There is no fear of salt-water contamination by developing wells 

shallower than 100 feet at Montford Point. This fact, coupled with the fact 

that pumping of wells in the area has not lowered the water level 

eliminates any great concern about drawdown of water levels ia wells, Perhaps 

it would not be desirable tz lower th8 level M)z-e than abo Ma 

grauzd surface. 
.- ___._. -._--__--__-- .__. ____. --..- ._. __... .-_ 



39 

. T-12 - MONTFORD POINT 

Lag 

0 -3 
3 - 12 

12 - 18 
18 - 20 
20 - 39 
39 - 65 
65 - 77 
77 - 87 
87 - 102 

102 - 127 
127 : 152 
152 1 188 
188 - 202 
202 : 217 
217 i. 252 
252 1 277 
277 - 320 
320 - 327 
327 - 352 

Medium yellow sand 
Yellow clay 
Fine yellow sand 
Blue clay 
Medium gray sand 
Soft shellrock and medium sand 
Shellrock and some sand 
Nedium sand - some shells 
Shellrock and some sand 
Gray clay and very fine sand 
Fine sandy clay and streaks of rock 
Green sandy clay 
Medium gray sand and shellrock 
Soft shellrock and sand 
Hard shellrock and streaks of medium sand 
Fine sand and streaks of shellrock 
Fine to very 
Interlayered 
Dark gray to 

fine gray sand and 
sand and shellrock 
green sandy clay 

streaks of shellrock 

Chemical Quality 
(parts per million except plI) 

Depths Sampled 

52 feet 225 feet 320 feet 

Total hardness 98 92 20 
Chloride 8 48 340 
Iron 0.4 0.2 0.1 
Hydrogen Sulfide 0.0 1.5 0.2 
PE 7.4 '7.8 .8.0 

. 

Comments: No production well is planned at this site. The zone of sand and 
shellrock between a depth of 40 and 100 feet appears suitable for development 
of water. However, this site is sufficiently close to the river to allow 
salty rLver water to II3ove toward the well. 

. 

_. 



40 

T-13 - N.JlVTFORDFOINT 

Log 

O-6 
6 L 15 

15 .l 42 
42 - 52 
52 I 77 
77 - 82 
82 - 107 

107 - 143 
143 i. 167 
167 - 193 
193 - 211 
211 - 250 

Medium yellow sand 
3rown clayey sand 
Medium light gray sand 
Mediti sand and shells 
Shellrock with some soft sand layers 
Dark gray clay 
Fine gray sand 
Gray clay 
Very fine sand 
Dark gray clay 
Very fine dark gray sand 
Interlayered shellrock and sand in 

Chemical Quality 
(parts per million except 

thin beds 

PR) 

Depths Sampled 

50 feet 150 feet 225 feet 

Total Iiardness 170 106 120 
Chloride 10 130 154 
Iron 0,l 0.4 1.2 
Hydrogen Sulfide '. 0.5 1.1 1.9 
PR 7.6 7,7 7.5 
Methyl Orange Alkalinity 266 578 

Optional Recommendation: Open-end tubular well no deeper than 74 feet, 
Cased to top of shellrock at a depth of about 52 feet. If the well does not 
pump sand after a period of development, it should yield more than 200 
gallons a minute, 

Alternate Recommendation: Gravel-wall well 77 feet deep. Screened between 
42 and 77 feet. Estimated yield: 150 gallons a minute. 

The quality of Toter expected {see 50-foot sample above) is suitable for 
present treatment facilities. 
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T-14 - MOi!lTFORDFQfrJT . 

. 

o-7 
7 - 35 

35 - 45 
4s - 57 
57 - 77 
77 - 82 
82 - 113 

113 - 139 
139 - 172 
172 1 191 
191 - 200 

Log 

Fine, white to yellow sand 
Fine, gray sand - small shell fragments below 25 feet 
Medium, gray sand and shells 
Shellrook and coarse sand 
Fine, gray sand 
F%ne to medium gray sand 
Fine sand and gray clay 
Fine, gray sand 
Fine, gray s'and and clay 
Fine to very fine gray sand 
Medium, gray sand, partly consolidated and containing dis- 
seminated phosphate grains 

Chemical Quality 
(parts per million except pR) 

Depths Sample& 

125 feet 20 fd'eet 

Total Hardness 92 136 
Methyl Orange Alkalinity 357 381 
Chloride 16 22 
Iron 0.3 0. .2 
Hydrogen Sulfide 1.1 1, .o 
P= 7.9 7,.8 

Recommendations for well at site of T-14: 

Optional rccomendation: Open-end tubular well to a depth of about 5G feet - 
cased to rock at about 45 feet. If well does not pump sand after periiod of 
development, the estimated yiold is 200 gallons a minute. 

Alternate recommendation: Gravel-wall well 135 feet deep with screen 
settings at the following depth intervals: 

35 - 40 . 
45 . - 55 
61 1 71 
77 - 82 

. 

Estimated yield: 160 gallons a minute. 
The quality of water will be suitable fcr present treatment facilities. 

00 0 0 0 0 0 0 88 
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cAMPGE1GERAREA 

A very delicate relationship exists between the fresh-water and salt- 

water zones at Camp Geiger. In general, the limestnne unit to a depth of 

100 feet contains water that is low in chloride, but in the highly permeable 

shellrock between 100 and 200 feet enough chloride is present t0 be objecf- 

ionable or to cause concern about the possibility that it might increase to 

objectionable amounts. 

There may be two reasons for the nearness of brackish mter to the land 

surface in the area of Camp Geiger and Peterfield Point. In. the first 

place, during the interglacial periods of the Ice Age the sea encroached on 

Cnslow County and drowned it. During these times sea water roved easily 

into the permeable shellrock. The sea water entered the shellrock: where it 

occurs in the present river channel and then moved laterally, pushing the 

former fresh water westward. Since the sea has withdrawn to its present 

position, the salt-water head has been decreased and is now slight,ly less 

than the fresh-water artesian head. However, the difference in head has 

not been great enough for the fresh water to completely flush out the sea 

swter. The fact that the chloride content is only a few hundred plarts per 

million at Tells A and D indicates that the flushing process is almost 

complete and that the chloride content in this zone at some places. may be 

low enough to be acceptable in the water supply. In fact, the wells at 
* 

Peterfield Point are screened between 100 and 180 feet and yet will yield 

. water with a fairly low chloride content, Secondly, the relatively shallow 

salt water at Camp Geiger results from New River being an inrmense ground- 

water discharge area. It has already been emphasized that New Ri *@k&set3 

the Tertiary limestone and sand tits, causing great le 

The test-drilling program also indicates that the Peedee formation, which is 
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not used in the water supply and which is not incised by the river, discharges 

water upward through the limestone into the river. The low artesian head of 

th8 Peedeo formation near the river and the soti, sodium bicarbona.te water 

(characteristic of the Peedee) in parts of the Tertiary limestone beds near 

the river are evidenoo that brackish water from the Pcedeo is moving upward- 

The net result of these two conditions is that brackish water is present at 

almost all depths near the river, not only at Camp Geiger but along all 

stretches of the river. Ey pl acing wells as far as possible from the river, 

the salt-water problem can be reduced or eliminated, 

Tho great permeability of the shellrock below 100 feet is indicated by 

the high speoifio capacity of Tells A and D, as well as those at Peterfield . 

Point. Well A yields 30 gallons a minute per foot of drawdown, and Well 4 

at PeterMeld Point is reported to yield nearly 60 gallons a minutze per foot 

of drawdown. 

With the above considerations in mind, it appears that T-16 and T-17 

reprosent Satisfactory locations for production w83.1s, and fiture wells 

should be no closer to the river. In no case should production wells be 

deeper than 200 feet, and they should bo shallower if highly permeable zones 

are present. The deeper the source of the water, the greater is the 

likelihood that the alkalinity will greatly exceed the hardness. Thus, the 

type of treatment for hardness may be considered carefilly. 

CL’W 

00000000~0 
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. 
0 - 12 

12 - 21 
21 - 59 
59 1 112 

112 1 142 
142 - 162 
162 - 190 
190 cl 302 
302 1 372 
372 - 420 
420 - 443 
443 - 477 
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T-15 - cad? GEXGER 

Brown sandy clay 
Brownand gray sand 
Sand and shells 
Gray clay 
Fine sand and shellrock 
Shellrock 
Ededitm to coarse sand and streaks of shellrock 
Fine gray sand and streaks of rock 
Dark gray sandy clay 
Dark gray clay and calcareous shale 
Dark gray glauconitic sand 
Medium to coarse gray sand 

Chemical Quality 
(parts per million except pH) 

150 feet 

Depths Sampled 

- 

250 feet 475 fea,et 

Total Hesdness 26 
Methyl Orange Alkalinity 414 
Chloride 280 
Iran 0.1 
E[ydrogen Sulfide 1.2 
PH 8.0 

20 30 
542 682 
218 790 

0.8 0*3 
0.6 1*2 

comments : No production well is plann&d at this'site. The water is brackish 
at all depths and not suitable for use. However, the chloride content 
does not increase until a depth greater than 250 feet is reached. 

_- ..--. .-.- __ _-.-.- ..-- -.- --.--.__. -.-.- . .._.. -_--.____-- __.. 
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, RIFLE RANGE AREA 

. 

Three different zones of the limos-tone unit have been tapped at the 

RifIc Rango. Production Wells S-l and T-l are screened at intervals of 70 

to 80 and 63 to 73 feet respectively. Both wells yield more than 10 gallons 

a minute per foot of drawdown and attest to the high permeability of the 

consolidated parts of &e lirnestono uni-t. The most objectionable features 

of water in this zone aro the excoasive iron and hydrogen sulfide contents. 

Well S-1 contains 3.4 parts per million iron, and Well T-l contains 6.0 

parts per million iron. me11 S, screened at 4 different intervals between 

75 and 130 feet, yields 10 gallons a minute per foot of drawdown. Water 

from this well contains loss iron and hydrogen sulfide than that from the 

shallower we11s. Well T, which has been abandoncd, was screened at the 

following depth intervals: 382-392, 412-422, and 442-452. The yield was 

only about 4 gallons per minute per foot of drawdown. A complete chemical 

analysis is not available, but the water is reported to have had a strong 

odor of hydrogen sulfide. 

Even though the wall fiold lies fairly oloso to New River, ch:loride 

contamination of the wells is not likely to be a serious consideration for 

two reasons. First, impcrmeabls clays of the Yorktown formation overlie 

the limestone unit to a depth of 40 to 60 feet, and these clays probably 

underlie New River near the~Rifl.e Range; the clays should be a partial 

barrier to any tendency toward salt-water encroachment. Secondly, the 

relatively high yields of the wells with the limited drawdown should 
- 

discourage salt-water encroachment. 
CLW 

The chief problems do, however , pertain to the quality of the water-- 

the iron content, the high sulfide content, and the AU ~rQs&JhQrA~~ 

content. 
..- ..-.. ._.. ----- .._ -_---___ 
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The results of the recent test drilling (T-18 and T-l-9), when czonsidored 

with information furnished by existing wells, do not clearly indicaqke the 

best zone from which water can be developed, Freedom from "salt-mdb%-" 

worries and high yields are assured. The general depth interval br=*een 

180 and 300 feet appears to yield water with a lower iron and hydrogen 

sulfide content and contains permeable materials. If fro32 content 5s not 

a factor to be considered, open-end tubular wells in the shellrock zone 

between a depth of 60 to 100 feet would be satisfactory. 
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T-18 - RIFLZRANGE 

cl - 15 
15 - 27 
27 - 47 
47 - 67 
67 - 77 
77 - 107 

107 - 120 
120 : 172 
172 - 180 
180 - 243 
243 - 302 

Light tan medium sand 
Gray sandy clay 
Green clay 
Shells and sand 
Shollrock and sand 
Fine gr3y sand 
Gray sandy clay 
Fine, gray sand 
Gwen clay 
Shellrock and sand, in streaks 
Medium sand - hard sandstone in streaks 

Chemical Quality 
(parts per million except pH) 

Depths Sampled 

200 feet 290 feet -- 

Total Hardness 198 200 
Metfry Orange Alkalinity 204 21.1 
Chloride 10 10 
Iron 0.3 0.5 
Eydrogen Sulfide 0.3 0.3 
P= 7.4 . 7.3 

Recommendations for well at site of T-18: 

Depth: 300 feet 

Gravel-wall well +th screen settings at the following depth intervals: 

180 f 185 245 1 250 
200 - 205 260 - 265 
213 - 218 280 - 290 
230 - 235 

Estimated yield: 300 gallons a minute with drasvdom of less &an 30 feet. 
I 

The water needs to be tres.ted for hardness and iron content. 

0000000094 2 
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T-19 - mF'L;E RAXGE 

0 -8 
8 - 24 

24 - 49 
49 - 57 
57 - 77 
77 - 87 
87 1 121 

121 - 131 
131 - 163. 

Fine white sand with black carbonaceous material 
Fine white sand 
Green clay 
Shellrock and coarse sand 
Fine gray sand and sandstone 
Shellrock 
Fine gray sand 
Shellrook and fine sand 
Fine gray sand 

Chemical Quality 
(parts per million except p3) 

Depths Saqlod 

80 feet 150 feet - 

Total Hardness 164 218 
Chloride 12 16 
Iron 0.7 1.6 
Hydrogen Sulf'ids 0.2 0.3 
PH 7.3 7.4 
Methyl Orange Alkalinity 155 214 

Recommendations for well at site-of T-19: Owing to the scarcity of 
pemeable materials and the high iron content of the water, any completed 
well at this site should draw water from materials between 180 and. 300 
feet. 

Recosznended depth: 300 feet 

Screen settings cannot be detsrmined prior to drilling the well, but about 
40 feet of screen should be sufficient to produce 300 gallons a minute 
with less than 30-foot drawdown. 

The water should be treated for hardness and perhaps for iron content, 

CLVV 
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COURTHOUSE BAY AREA 

Both Wells V and W draw water through wells screened between depths 

of 30 and 60 feet at the top of the limestone unit. Both wells yield more 

than 5 gallons a minute for each foot of drawdown, and, thus, yi'eld is not 

a problem. According to analyses of October 24, 1957, Well W had an iron 

content of 1.8 parts per million as compared with Well V of 0.6 part 

per million, Well W had a hydrogen sulfide content of 0.4 parti per million 

as compared with Well V of 1.0 part per million, These variations in 

chemical character are not understood at present, 

CLW 
000000009!! 



50 

T-20 - COURTHOUSE BAY 

O-6 
6 - 12 

12 - 28 
28 - 35 
35 - 41 
41 - 50 
50 - 85 
85 - 111 

111 - 121 

Log 

Fine yellow sand 
Yellow clayey sand 
Fine Waite sand 
Fine to medium yellow sand 
Gray sandy clay 
Very f’ine gray sand 
Shellrock 
Fine gray sand 
Fine sand end shellrock 

Chemical Quality 
(parts per million except pH) 

Geoth Samoled 

. 

Total Hardness 
Chloride 
Iron 
Hydrogen Sulfide 
PH 
Methyl Orange Alkalinity 

72 feet 

118 
12 

0.5 
0.1 
7.5 

119 

Recommendations for well at site of T-20: 

Depth: 80 feet 

Open-end tubular well, cased to hard rock, which is 50 to 60 feet below 
ground surface. 

Estimated yield: 250 gallons a minutewith less than ZO-foot drtiwdown. 

It might be desirable to treat the water for hardness and iron content* 

CLVV 

00 0 0 0 0 0 0 ga 

. 
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T-21 - COURTHOUSE BAY 

0 - 10 Fine sand 
10 : 

gray 
20 Fine sand with some clay 

20 - 30 Gray'san$y clay 
30 - 45 Blue, ofay gray 
45-- 50 Fine sand gray 
50 - 70 Shelly sand and shellrock 
so - 120 Sand and shells 

Chemical Quality 
(parts per million except PH) 

Depths SampILed 

63 feet IL00 feet m 

Total Hardness 124 I42 
Methyl Orange Alkalinity 112 IL45 
Chloride 14 12 

Iron 0.6 0.8 
Eiydrogen Sulfide 0.3 0.2 

PH 7.5 7.5 

Becomendations for well at site of T-21: 

Depth: 67 feet 

Open-end tubular well,.cased to hard rock, which is 50 to 70 feet below 
ground surface. 

Estimated yield: 250 gallons a minute with less than 25-foot dramdown, 

It might be desirable to treat the water for hardness and iron content, 

. - 

--.-- -.-.- -.__. _d ._____.. 
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ONSLCN BEACH AREA 

Although no test well was originally designated for Onslow Beach, an 

increase in salt content of Tell 22 at the water plant is justification for 

one test hole. 

Both Wells 22 and 23 are about 63 feet deep, and each is screened at 

the depth intervals of 30 to 40 feet and 52 to 62 feot. The limestone 

unit is more consolidated here t;han at Hadnot Point, and it is likely that 

open-end wells into the shellrock would be satisfactory. Produotion from 

this zone is relatively high. For example, Well 22 gives about 10 gallons 

a minute per foot of drawdown and Well 23 about 6 gallons a minute per foot 

of drawdown, 

The water in this shallow zone is hard and contains considerable 5ron 

and hydrogen sulfide. Zeolite +reatment and chlorination reduce the 

undesirable mineral matter to an acceptable point, An analysis of August 22, 

1957, showed that Well 22 had a chloride content of 136 parts per million 

as compared with about 13 parts por million when the well was first drilled. 

In view of the fact that the Intracoastal Waterway has cut into shellrock 

of the Yorktawn formation less than 2,000 feet from this well, it is likely 

that high tides have pushed salt water laterally in the shellrock: toward 

the r&l, If the chloride content of water from this well continues to 

, 
increase, it should be abandoned. 

- . . -. .-. - . .--- i+:. .i . . 
CLW 
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T-22 - ONSLCN 3EACH 

012 
216 
6 : 12. 

12 .L 30 
. . 30 1 35 

35 1 46 
46 - 161 

Fine sand with black carbonaceous material 
Fine white sand 
Brown clay 
Med%um white sand 
Medium white sand with clay streaks 
Medium white sand 
Saud and shellrock in streaks 

. . 

Chemical Quality 
(parts per million exoept pH) 

Depths Sampled 

Total Hardness 
Methyl Orange Alkalinity 
Chloride 
Iron 
Hydrogen Sulfide 
PH 

100 feet 150 feet 

154 138 
154 150 

14 16 
0.2 0.2 

No odor No odor 
?*3 8.1 

Recommendations for well at site of T-22: 

Depth: 115 feet 

Gravel-wall well with screen settings at the following depth internals: 

57 1 62 
90 - 105 

(An open-end tubular well at this location should also be.satisfactory.) 

Estimated yield: 250 gallons a minute with less than 25-foot drawdown, 

It might be desirable to treat the water for hardness. 

CLW 

0000000100 



This report describes the ground-water conditions at the vari.ous areas 

where wator is used at the Base. Recormnendations for future withdrawal 

of water are made for specific rareas. Some of the recommendations are 

less dofinite than is desired, and some are tentative. In spite of a 

considerable volume of data on wells, much of the data is repetiti.ve, a-nd 

there is insufficient information about certain features of the ground- 

water conditions. For example, there is an almost adequate amount of 

information about the mter and rock materials to a depth of about 200 feet, 

but not enough is known about the boundary between the fresh water and 

underlying salt-water body that lies generally below 200 or 300 feet. The 

position of this boundary and the nature of materials it lies in a.nd that 

lie above it should be known with roasonable accuracy in order that optimum 

withdrawalofwater be made. Thus, rather arbitrary limits of permissible 

drawdown of water levels and spa&g of wells have been established. Refine- 

ments in these limits can bo made at Hadnot Point as soon as the recommended 

obsezvation-well program is installed, 

The question frequently arises concerning the periodic resting of wells, 

To consider this question, wo must think of the well and the water-bearing 

formation. f~ far as the well is concerned, the original period of 

development tends to arrange the sand and gravel in a position that is 
. 

stable as long as water is moving toward the well along a hydraulic gradient 

that is not too steep or as long as pumping is at a moderate rate; continuous 

pumping should not be harmful to the well. In many placoa in the 'C3nited 

States continuous pumping of wells has caused a progressive lowe the 

water level, which may have been ha&l because of 

lifts or because of the intrusion of water of inferior q! ity. A-J CEcmp' 

- .._- .--. - .---. ---- . --. --. --. ._....___ 
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Lejeune, however, the planned dispersion of welLs has prevented an excessive 

lowering of the water levels. Thus, the need for systematic resting of 

wells is not necessary as long as the withdrawal of water continues to be 

dispersed. 

The type of 

fh Hadnot Point, 

been 

that 

This 

acceptable. 

those wells 

well best sui'ced for installation is not a simple matter. 

Tarawa Terrace, and Montford Point gravel-wall walls have 

Yet, the evidence available does not clearly 5.ndi.ca-te 

are superior to cheaper and more simply constructed wells. 

matter is treated under the section dealing with Taram Tcrrnce. 

The development of water at the various areas of Camp Lejeune has 

reached a stage at which continuous technical assistance in pround-water 

hydrology would be worthwhile. Good judgment has been exercised in the 

past, but increased withdram of mter will lead to moro realistic concelp 

about salt-water encroachment into the present fresh-water system. It is 

recommended that the U. S. Geological Survey be employed for this mrk. 

The work would consist of systematically measurtig water levels and 

sampling the "chloride-observation" wells that are recommended in this report. 

'Cilater-level measurements and sampling might be done quarterly; yearly, or 

interim, reports that would include a wrzter table, or piezometric, map 
-. - 

should also be made. The cost of this work 'should vary between $2,500 and 

$7,500 a year, depending on the scope. 

---.. .._... ___ ..- __._.. ._ __.- 




